The objective of this study is to test the effect of silver carp on water quality and tilapia yield. This work was conducted in six 1000 m 2 earthen ponds which randomly assigned to two treatments. The first treatment was the cultivation of Nile tilapia with silver carp and the second was the cultivation of Nile tilapia alone without silver carp. All ponds were fertilized for the first three months with cow manure, urea and superphosphate to maintain a level of 2 mg N/L and 0.5 mg P/L in pond waters. Water samples were collected weekly and analyzed for temperature, DO, pH, Chl. "a", avail. P, NO 3 , NH 4 , NH 3 , T. Alk., and T. Hard. Two-way ANOVA results indicated that the effect of the experimental period was the most important source of variation for the water quality parameters and it was responsible for 47 -100 % of the variability for most of water quality parameters. The results also revealed that the presence of silver carp led to about 57% reduction of the chlorophyll concentration in the water column. Silver carp also was significantly responsible for 38 % of the variability of the total alkalinity concentrations and for 5-26 % of the total variability for pH, available phosphorus, ammonium, ammonia and total hardness however it was not significant. The results of factor analysis indicated that combined two factors (photosynthesis vs. respiration and pond fertilization) accounted for 40% of the total variability explained by the ANOVA model. The presence of silver carp reduced tilapia production by about 10%, but it increased the total fish production which in turn resulted in 25% higher net profit (1009 LE/ha) than that in the case of absence of silver carp, which appeared also in the B/C ratio of about 28% greater with the presence of silver carp than its absence. The stocking density of silver carp used in this study was not enough to obtain all benefits of cultivating silver carp with other fish species, therefore further trials are needed with different stocking densities.
INTRODUCTION
Aquaculture production in Egypt has been increased at a rate of 11% per year through the last ten years with more than 72% contribution of the 2011 country total fish production (1362.174 thousand tons). This increase in aquaculture fish production increased the per capita consumption from 14.3 at 2002 to 19.1 kg at 2011, 17 kg of them came from aquaculture (GAFRD, 2012) .
The effect of filter-feeding fish on the plankton communities of aquatic ecosystem have been studied by Zhang et al. (2006) ; Milstein et al. (2008) ; Yan et al. (2009) ; Wahab et al. (2011) and others. Silver carp (Hypophthalmichthys molitrixon) have been introduced worldwide for both fish production and algal control (Gophen, 1990; Xie, 2003) . Stocking of silver carp as a bio-manipulation tool to reduce phytoplankton biomass in lakes remains controversial (Starling et al., 1998; Domaizon and Devaux, 1999) as responses vary according to body size, stocking density, food availability, and environmental conditions (Spataru and Gophen, 1985) .
Silver carp is expected to have a strong impact on the pond ecology, because it is a very efficient filter feeder (Milstein et al., 1985; Milstein, 1992) , and also for human nutrition especially for people with lower incomes who are trying to eat a high nutritive animal protein with affordable prices, because of its cheap price compared to the other fish species or animal protein sources.
The present study aimed to test the effects of the filter-feeder silver carp on the water quality parameters through its effect on the algal blooms and its impact on the growth, survival and production of Nile tilapia, consequently its economic return.
MATERIALS AND METHODS
This work was conducted in six 1000 m 2 earthen ponds at the WorldFish Center Abbassa Abou-Hammad Sharkia, Egypt for 195 days. All ponds were rectangular in shape with the same approximately average depth of 1.2 m; water level was maintained at a water column of 1.0 m.
Experimental design
Ponds were randomly allocated to two treatments with three replicates each. The first treatment was the cultivation of Nile tilapia with silver carp and the second was the cultivation of Nile tilapia alone without silver carp.
Experimental fish
Mixed sex fry of Nile tilapia (Oreochromis niloticus) were stocked in all ponds at the same stocking density of 2 fish/m 2 (2000 fry/pond) with an average initial mean body weight of 0.2 g. Silver carp (Hypophthalmichthys molitrix) fingerlings were stocked in the ponds of the first treatment only, at the rate of 0.025 fish/m 2 (25 fish/pond) with an average initial body weight of 50 ± 5 g. Random fish samples were monthly taken throughout the experimental period and weighed to adjust feeding amounts then fish were returned to their corresponding ponds. All fish in all ponds were fed on an artificial fish feed 25% crude protein with the rate of 2% of the fish biomass for six days a week twice daily starting from the day 91 to the end of the experimental period.
Pond fertilization
Pond waters were analyzed weekly for total nitrogen and phosphorus then cow manure (2% N & 0.5% P), urea (45% N) and superphosphate (15.5% P 2 O 5 ) were used for the first three months of the experimental period to fertilize all ponds at the rate of 2 mg N/L and 0.5 mg P/L as recommended by Ibrahim (1997 and 2001) ; Nagdi et al. (2003) ; Ibrahim and Nagdi (2006) and El-Naggar et al. (2008) .
Water quality analyses
Water samples were collected weekly from five spots in each pond and mixed together in one bucket, and then one litter was taken from the bucket as a representative water sample. Then the water samples were taken to the laboratory for the analysis of chlorophyll "a" (Chl. "a"), available phosphorus (Avail. P), nitrate (NO 3 ), ionized ammonia (NH 4 ), unionized ammonia (NH 3 ), total alkalinity (T. Alk.) and total hardness (T. Hard.) according to APHA (1998) . Water temperature, early morning dissolved oxygen and pH values were measured twice a week in situ (at each pond).
Economic evaluation
A simple economic comparison was made to calculate the net profit and benefit/cost (B/C) ratio for the fish production with or without silver carp, based on the Egyptian local market prices and fish farm gate prices of 9.5, 8.25, 7, 5.5 and 3 LE/kg of tilapia super, first, second, third and forth classes respectively, 5 and 9 LE/kg for silver carp and catfish respectively.
Statistical analysis
Data were subjected to one-way analysis of variance to detect if significant differences occurred in the fish production parameters as affected by the presence or absence of silver carp. A two-way ANOVA was used to analyze water quality data with the two main effects being presence or absence of silver carp and the experimental period. Differences between means were assessed by Duncan's multiple range test and effects with a probability of P≤0.05 were considered significant. Ecological processes that account for the main variability of the measured variables were identified through factor analysis as described by Kim and Mueller (1978) ; Kadir et al. (2006) . The purpose of factor analysis is to explain the relationships among a set of variables in terms of a limited number of new variables (factors), which are assumed to be responsible for the most explained variance among the observed variables. The first factor extracted from that matrix is the linear combination of the original variables, which accounts for as much of the variation contained in the samples as possible. The second factor is the second linear function that accounts for most of the remaining variability, and so on. The factors are independent of one another and have no units. The coefficients of the linear functions defining the factors are used to interpret their meaning, using the sign and relative size of the coefficients as an indication of the weight to be placed upon each variable. All statistics were done using the Statistical Analysis System (SAS) version 9.1 (SAS, 2009).
RESULTS AND DISCUSSION
Silver carp is an efficient filter-feeder fish that consumes phytoplankton and zooplankton which in turn affects the nutrient availability of the water column (Yan et al., 2009; Wahab et al., 2011) . In order to study the effect of silver carp on the water environment, some water quality parameters were measured and monitored throughout the experimental period. In the present study it was observed that ponds without silver carp had a deeper greenish color than those with silver; this deeper greenish color in case of the absence of silver carp was gradually increased throughout the experimental period. This observation was confirmed by the measurements of chlorophyll "a" (Figure 1 ), as illustrated in this figure mean concentrations of chlorophyll "a" in the ponds with silver carp started from 15 µg/L at the beginning of the experiment to reach about 40 µg/L at the end of the experiment, while its concentration increased in the absence of silver from 25 µg/L at the beginning of the experiment to reach about 71 µg/L at the end of the experiment, thus the presence of silver carp led to about 57% reduction of the chlorophyll concentration in the water column. Table (1) provides two-way analysis of variance of the measured water quality parameters. The model was highly significant for six of water quality parameters; water temperature, dissolved oxygen, pH, available phosphorus, total alkalinity, and total hardness, while it was not significant for chlorophyll "a", nitrate, ammonium, and ammonia. The results from the ANOVA are presented as the proportion of total variation explained by each of the silver carp, the period or their interaction. The effect of the period was the most important source of variation for the water quality parameters and it was responsible for 47-100 % of the total variability for all water quality parameters except for chlorophyll "a" where silver carp was responsible for 45 % of its variability. Ponds with silver carp had a significantly (P<0.05) lower average concentration of chlorophyll "a" than ponds without silver as indicated by the Duncan letters in the multicomparison section of Table (1). Silver carp was also responsible for 38 % of the variability of total alkalinity concentration and it was significant, while it was responsible for 5-26 % of the total variability for pH, available phosphorus, ammonium, ammonia and total hardness, but it was not significant as indicated by Duncan letters. This insignificant effect of the presence of silver carp may be due to the density of silver carp used in this study (250 fish/ha) were not sufficient to make a significant impact in all water quality parameters. These results are in agreement with those of Milstein et al. (2008) who found that the grazing pressure by the low density of silver carp (300-500 fish/ha) was not enough to affect other water quality parameters and minor effect on the availability of food for the other fish species occurred when the silver carp density was 1000 fish/ha. Figure ( 2) indicates more fluctuations in the concentration of the pH values in the absence of silver carp than that in the presence of silver carp; this most probably due to the photosynthesis process by phytoplankton cells, which had a significantly higher concentration in the absence of silver than that in the presence of it (56.7 and 32.2 µg/L chlorophyll "a" respectively). Photosynthesis consumes CO 2 from the water column which in turn reduces the pH values, while the respiration process increases CO 2 again, that increases the pH value and so on, so the higher abundance of phytoplankton the higher fluctuations in the pH values as described by Ibrahim (2001) , Suomela et al. (2005) and El Naggar et al. (2008) . These minor fluctuations in the concentrations of pH values in the first treatment (presence of the silver carp) compared to the second treatment (absence of the silver carp) may also refer to the higher concentrations of total alkalinity in the first treatment than in the second treatment (Table 1) as explained by Vinatea et al. (2010) who stated that high alkalinity concentrations reduces the fluctuation in pH values. Figure ( 3) illustrates the fluctuations of water temperature and dissolved oxygen concentration and their reverse relationship. Water temperature reached its highest value of about 28.7 o C in August for both treatments, while the concentration of the dissolved oxygen reached its lowest value in the same period (August) in both treatments, with slightly lower average concentration of dissolved oxygen in ponds with silver carp than that in ponds without silver carp (2.3 and 2.5 mg/L respectively), while it was insignificant. The results of factor analysis and the ANOVA test of factors with mean multicomparison analyses are presented in Table ( 2) and Figure (4) . The mean multicomparisons show the effect of the silver carp and the experimental period for each factor. Combined two factors account for 40% of the total variability explained by the ANOVA model.
The first factor was responsible for 23% of the overall water quality variability, and had a negative correlation with water temperature, chlorophyll "a", and nitrate while it had a positive correlation with dissolved oxygen, available phosphorus and total hardness (Table 2 ). These correlations reflect the reverse relationship between photosynthesis and respiration. Where photosynthesis encourages by the availability of phosphorus "as a nutrient for phytoplankton" and it releases oxygen, while respiration happened with a higher extent at night times (when temperatures are low), and with lower concentrations of chlorophyll "a", and it releases CO 2 which in turn increases water hardness as described by Boyd (1990) and Thorarensen & Farrell (2011) . The presence of silver carp was responsible for a small (15%) but significant part of the total variability of the first factor, the period was responsible for 81% and it was also significant. The rest of the 4% was attributed to the interaction between silver carp and period while it was not significant.
The second factor was responsible for a further 17% of the explained water quality data variability. This factor shows a positive correlation with pH, ammonium, ammonia and total alkalinity which reflects pond fertilization. As stated by Abdalla et al. (1996) and Ibrahim (2001) urea fertilizer breaks down to give ammonia and ammonium which in turn increases the pH value, while superphosphate contains calcium sulfate that increases the water alkalinity (Knud-Hansen, 1998) . The ANOVA models indicate that the second factor (pond fertilization) was related to the period and not to the presence of silver carp. The period was responsible for 80% of the explained variance of this factor; the rest of 20% was attributed to the interaction between silver and period.
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Figure (4) is a correlation chart provides all relationships between all water quality parameters on the light of factor 1 (photosynthesis vs. respiration) and factor 2 (pond fertilization), which responsible for about 40% of the total explained variance, as obtained by the factor analysis. Table ( 3) shows that the presence of silver carp has reduced tilapia production by about 10% (tilapia production was 3143.7 and 3458.3 kg/ha in the presence and the absence of silver carp respectively). This reduction in tilapia production in the presence of silver carp, may be due to the fact that large amounts of phytoplankton, zooplankton and suspended particles (that used as a natural food for tilapia) were grazed by the efficient filter-feeder silver carp. In this connection Yan et al. (2009) and Wahab et al. (2011) found that in the water column intervention the increased silver carp grazing pressure on phytoplankton reduced food resources for other fish. In the present study these depleted resources may also affect the tilapia survival percentage by about 13% less in the presence of silver carp than that without silver carp. This gap of tilapia production was compensated in the grand total production by the production of silver carp of 384.3 kg/ha and by the difference in the production of tilapia super class to be almost two folds in case of the presence of silver carp than in ponds without silver carp (tilapia super class production was 843 and 441.6 kg/ha for the first and the second treatments respectively) ( Table 3 and Figure 5 ). Table ( 4) provides a simple economic comparison between the fish production either with or without silver carp. There was no significant difference in all economical parameters used in this study, except for tilapia production cost which was 6.87 and 6.31 LE/kg with and without silver carp respectively. This higher cost in tilapia production was due to the reduction in tilapia production as a result of the presence of silver carp. While total production cost showed no significant difference with slightly lower cost in the presence of silver carp. (6.09 and 6.21 LE/kg with and without silver carp respectively). Although insignificant difference in profit, the presence of silver carp resulted in 25% higher net profit (1009 LE/ha) than that in case of absence of silver carp, which contributed in the B/C ratio by about 28% greater than its absence. Similar results were found by Milstein et al. (2008) who reported that through its impact on the natural food web silver carp had several negative effects on the growth of the other fish, while the total yield and income increased, and by Kadir et al. (2006 and 2007) who stated that the strong negative effects of silver carp on the other species of the polyculture and the higher total yields and income recorded in the previous experiments with the addition of 10 silver carp/100 m 2 . Based on the obtained results it could be concluded that 1) Silver carp can be used as an efficient bio-manipulation fish, to reduce algal blooms which will reflect in a good impact on the water quality, 2) the addition of silver carp in tilapia ponds may decrease tilapia production but it increases the total fish production which in turn increases the net profit, 3) the stocking density of silver carp used in this study was not enough to obtain higher benefits of cultivating silver carp with other fish species, therefore further trials are needed with different stocking densities.
